Abstract-The findings of effective targets and the identification of target binding molecules are two key points in drug discovery. The complete human genome and their rapid increase in structural and functional information led to new possibilities for diagnosis and therapy of diseases, using genetargeted drugs. Currently, gene-targeted drugs includes groove binders, intercalators, alkylators and cleavage agents and are widely used in cancer, Alzheimer's disease, blood pressure, heart and autoimmune diseases research and therapy. A review on the targeted genes, their interaction molecules and the application on disease therapy is presented.
INTRODUCTION
Understanding sequence, function and structure of target genes is very important for discovery of a gene-targeted drug. Based on the complete human genome data, the next challenge in human health research is to interpret the underlying mechanisms of complex diseases. Great effort has been spent on finding the genes associated to diseases. DisGeNET is a discovery platform integrating information on gene-disease associations from several public data sources and the literature (Fig.1 ) [1] , which contains 381056 associations, between 16666 genes and 13172 diseases. Other gene databases such as LOVD databases (for hereditary breast cancer and colorectal cancer genes) [2] , MutationView/KMcancerDB database (for cancer gene mutations) [3] , Candidate Cancer Gene Database (for cancer driver genes) [4] are also available. A systematic search and in-depth study of each gene and their mechanistic aspects of the diseases has the potential to become a crucial component of medical research.
DNA/RNA sequences can form tertiary structures including double helix, triple helix or G-quadruplex with a large variety of topologies. Among them, B-DNA and Gquadruplex (DNA/RNA) are key targets for most genetargeted drugs, for their key functions in cellular processes. Especially recently years G-quadruplexes have been found in important guanine-rich regions of the human genome, such as oncogene promoters and telomeres [5, 6] . Gquadruplex structures are highly flexibility and polymorphic [5] . The unimolecular G-quadruplex can theoretically adopt 26 folding topologies (Fig. 2) [7] . The structural polymorph and dynamic equilibrium of G-quadruplexes appear to be intrinsic to the highly conserved sequence and may be the challenge for G-quadruplexes targeted drug design [7] . 
II. RESULTS AND DISCUSSION

A. Interactions between Target Genes and Small
Molecules Small molecules may interact or bind with DNA/RNA in different ways: binding in the minor groove; intercalation between base pairs and alkylation and cleavage of DNA/RNA.
Among DNA/RNA binders, polyamides are a class of DNA minor groove binders made up of N-methylpyrrole (Py) and N-methylimidazole (Im) that can bind to DNA in a sequence-specific manner [8] . An Im/Py recognizes and binds to G:C from C:G, whereas a Py/Im recognizes and binds to C:G. A Py/Py pair degenerately binds to T:A or A:T, whereas a hydroxypyrrole (Hp) opposite a Py recognizes and binds to T:A from A:T, and vice versa. Up to now, polyamides are most reliable class of molecules that can be rationally designed to target desired DNA sequences. The key points in polyamides design include: (1) cellular uptaking; (2) distinguishing T:A from A:T. Our group had made some progress in polyamides structure modifications [9] [10] [11] .
Intercalators [12] are certain flat aromatic or heteroaromatic molecules (such as acridines) that can slide between the base pairs of ds-DNA (intercalate) or/and stack on the end of G-quadruplex and stabilize the duplex or/and quadruplex. Intercalation on ds-DNA has the effect of lengthening the duplex by around 3 Å per bound drug molecule, causes unwinding of DNA, and prevents replication and transcription by interfering with the action of topoisomerases. Some intercalators that induce and stabilize the G-quadruplex structure formation can inhibit telomerase in the cancer cell lines or regulate oncogene transcription. The main problems in G-quadruplex stabilizer research is the highly flexibility and polymorphy of the target. Our group had designed and synthesized a novel benzo[k,l]thioxanthene compounds which were approved with abilities to induce the formation of and stabilize the telomeric antiparallel G-quadruplex, and consequently inhibit telomerase activity, leading to cell apoptosis, can be screened for the discovery of novel antitumor drugs.
Alkylators [13] are strongly electrophilic compounds that react covalently with DNA bases. The resulting DNA adducts are irreversible inhibitors of gene transcription and translation. The DNA-cleaving agents [14] can generate reactive radicals that produce cleavage of the polynucleotide strands. Many alkylating and cleaving agents are mutagenic and/or carcinogenic, and also can react with other biomolecules, resulting in some side effects. For example, Fig. 3 presents interactions of small molecules with target genes and by molecular simulation technique [15, 16] . 
C. Our Works on Gene-Targeted Drug Discovery
Our group had concentrate on discovering novel genetargeted molecules including polyamides (Fig. 4) which binded to ds-DNA in the minor groove [9] [10] [11] [18] [19] [20] [21] [22] , and novel benzo[k,l]thioxanthene-3,4-dicarboximides (Fig. 5) which induced and stabilized G-quadreplux [23, 24] . The steric configuration of α-substituents in the γ-turns of four polyamides could lead to alteration of their binding properties to different DNA base pairs at the turn position relative to unmodified γ-turns. The polyamide with a chiral hydroxyl γ-turn unit favorably bound to T:A over A:T with a relatively high 25-fold increase in specificity, while the polyamide with the a chiral amino γ-turn unit has a moderate selectivity in discriminating T:A from A:T.
Furthermore, the novel benzothioxanthene derivatives S1-S6 discovered in our lab displayed differentially abilities to induce the 26nt oligonucleotides to form and to stabilize the G-quadruplex structure with high affinity and selectivity for G-rich DNA vs C-rich DNA, mutated DNA and ds-DNA, and to promote apoptosis and inhibit mobility and telomerase activity of A549 cells and SGC-7901 cells, especially compounds S1, S3, S4. S3 was the most optimal one with the maximum ⊿Tm value (29.8 ℃), and IC 50 values (0.60 and 0.53μM for A549 cells and SGC-7901 cells, respectively) and maximum inhibitory rate (94.1% and 97.2% for A549 cells and SGC-7901 cells, respectively). This type of compounds can induce and stabilize the Gquadruplex, and consequently inhibit telomerase activity, leading to cell apoptosis, can be screened for the discovery of novel antitumor drugs. Further study on them as target drugs is ongoing. 
III. CONCLUSION
The last decade has witnessed an exponential growth of sequence, function and structure information in the field of nucleic acids including non-coding RNA, G-quadruplex (RNA/DNA), and their interactions with other molecules. New targeting gene and mechanism discovery will promote the development of targeted drugs of various diseases. With rapid advances in the area, there will be a growing concentration on developing efficient molecules targeting these gene structures with important functions and also the process from gene to drugs will greatly be speeded up. This paper briefly presents the current progress on drug discovery research targeting functionalized important genes and our efforts on this field.
